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Advantages of the PGAA Method

• Nondestructive analysis preserves samples for    
further analysis

• Simultaneous analysis of all elements (isotopes) from 
Hydrogen to Uranium and beyond

• Uniform sample analysis

• In situ analysis requiring no sample preparation

• Quantitative analysis of all major components of a 
sample (mg to ppb sensitivity depending on the 
element)



Requirements for PGAA

Gamma Ray Detection System

• Compton Suppressed Ge – or cluster Ge detectors

• High Resolution 0 – 11 MeV

• Shielding – from background and gammas from 
scattered neutrons

• Fission detectors – analysis of fissionable actinides

• Analysis Software – developed at Budapest Reactor



PGAA Sensitivity

For a system with 106 n/sec, the detection limit per cm3 *

– B, Cd, Sm, Eu, Gd

µ – H, Cl, Sc, Mn, Co, Se, Kr, Rh, In, Xe, Cs, Nd, Dy, Er, Yb,

Re, Au, Hg

µ – Na, K, Ti, V, Cr, Fe, Ni, Cu, As, Mo, Ru, Pd, Ag, Te, I, La,

Pr, Tb, Ho, Tm, Lu, Hf, W, Os, Ir, Pt, Th

µ – Li, N, Ne, Mg, Al, Si, P, S, Ar, Ca, Zn, Ga, Ge, Br, Rb, Sr,

Zr, Nb, Sn, Sb, Ba, Ce, Tl

µ – Be, C, O, F,Y, Ta, Pb, Bi

He

* From C. Yonezawa, Analytical Science 2, 303 (1994))





Experimental Results With PGAA

•Comparison of certified (NIST) and measured 
concentrations in river sediment

CERTIFIED            MEASURED
Element Concentration%   Concentration%

Cr 2.96±0.28 ≡2.96
Fe 11.3±1.2 11.5±0.3
K 1.2 1.4±0.1
Ca 2.9 3.0±0.1
Cd         0.00102±0.00009         0.00104±0.00003
Mn 0.078±0.010 0.077±0.011



Experimental Results With PGAA

• Analysis of Deep Sea Vents (% by weight)



Experimental Results With PGAA

• Analysis of Reagent Materials

CaF2 (Reagent grade, Baker and Adamson)
Ca 54.3±0.9%
F 44.4±1.9%
Al 0.66±0.07%
Cl 0.150±0.003%
Na 0.040±0.009%

ZnO (Mallinckrodt)
Zn    100%)
Cd    5.1±0.3 ppm

HfO2 (98%, Aldrich Chemical Co.)
HfO2 (no detectable impurities)

TiO2
Ti 96.8%
K 3.1±0.2%
H 0.04±0.01%
Eu 0.022±0.002%
Gd 5.2±0.2 ppm
B 2.0±0.2 ppm

Gd2O3 – no detectable impurities

Ca(OH)2
Ca 93.6±1.9%
H 5.04±0.005%
K 1.3±0.2%
Cl 0.028±0.002
Eu 54±9 ppm
Gd 26±1 ppm
B 4.2±0.3 ppm

CeO2
Ce 99.8%
K 0.077±0.016%
S 0.074±0.010%

Na 0.061±0.009%
H 0.004±0.001%
B 31±1 ppm
Eu 11±1 ppm
Sm 1.8±0.1 ppm
Gd 1.2±0.1 ppm



Figure 1.  PGAA spectrum of 8 grams from Cd-rats 3 hrs after injection.

Table 1.  Lower detection limits for PGAA
Element     Cold Neutron     Thermal Neutron
B/H 1 ppm 7 ppm

Cd/H 3 ppm 8 ppm
Hg/H - 50 ppm
Cl/H 0.02% 0.09%
K/H 0.2% 0.5%
Na/H 0.1% 0.3%
S/H 0.4% 0.7%

2 g of kidney irradiated with cold neutrons (1.1×108 n/cm2s) for 50 min and with 
thermal neutrons (2.4×107 n/cm2s)  for 100 min. Detection limit defined as 3σ of 
background.  (Y. Oura, S. Enomoto, and H. Nakahara, RIKEN Review 35, 73 
(2001).)



PGAA Spectrum of fullerene



Analysis of 235U/238U ratios using PGAA.
Natural uranium and samples enriched to  
19.1% and 36% in 235U were analyzed.



Focused Beams with Cold Neutrons

Polycapillary neutron lens (NIST).  1763 glass fibres (0.5 mm), each 
with 1657 channels (9 µm) focus neutrons to 0.5 mm spot.


